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(57) ABSTRACT 

A cellular system includes a ?rst cell associated With a ?rst 

base station, a second cell associated With a second base 

station, and a mobile radio currently served by the ?rst base 
station. Distributed resource control may be used in Which 

the ?rst base station alone or in combination With the mobile 

station makes resource management decisions Without hav 

ing to involve a central controller. In ad-hoc networking, 
access points can manage resources in a distributed fashion. 

Relative path gain is determined for an uplink signal from 
the mobile radio. Relative path gain is based on a compari 
son of a ?rst path gain related quantity for a mobile uplink 
signal to the second base station With a second path gain 
related quantity for the mobile uplink signal to the second 
base station. Uplink resources in the ?rst cell are managed 
based on the relative path gain related quantity. 

(Mobile-Based Uplink Resource Management) 
l 

Determine a relative path gain for uplink signal 
transmissions from the mobile radio. 

l 
Average relative path gain (optional). 

l 
Receive a predetermined path gain (e.g., 

a maximum or limit). 

l 
If determined relative path gain exceeds 
predetermined path gain, decrease uplink 

transmission power or data rate. 
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Determine a relative path gain for uplink signal 31 
transmissions from the mobile radio, e.g., maximum path I 
gain for a non-serving BS/path gain for the serving BS. 

l 
. . . f 82 Average relative path gain (optional). 

Manage uplink’ resources using relative I )83 
path gain in a distributed uplink resource 

management configuration. 

Fig. 2 
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(Mobile-Based Uplink Resource Management) 

Determine a relative path gain for uplink signal f 810 
transmissions from the mobi le radio. 

l 
Average relative path gain (optional). 

l 
Receive a predetermined path 

a maximum or limit). 
gain (e.g., 

l 
If determined relative path gain exceeds 
predetermined path gain, decrease uplink 

transmission power or data rate. 

Fig. 6 
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(Base Station-Based Uplink Resource Management) 

Receive periodic or event-driven relative path gain (or average I 820 
path gain) data from mobile (or relative path gain data from 

which relative path gain can be calculated). 

l 
lf determined relative path gain exceed a predetermined 821 

maximum, instruct mobile to reduce transmission power or data rate. I 

l 
Optionally, classify mobile as harmful or harmless f 822 

for purposes of managing uplink resources. 

Fig- 8 
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USING UPLINK RELATIVE PATH GAIN RELATED 
MEASUREMENTS TO SUPPORT UPLINK 

RESOURCE MANAGEMENT 

RELATED APPLICATION 

[0001] This application is related to commonly-assigned 
US. patent application Ser. No. 10/419,270, entitled 
“Uplink Load Determination And Signaling For Admission 
And Congestion Control,” ?led on Apr. 21, 2003, the 
disclosure of Which is incorporated here by reference. 

TECHNICAL FIELD 

[0002] The technical ?eld relates to radio communications 
systems, and more particularly, to resource management 
and/or load control. 

BACKGROUND AND SUMMARY 

[0003] In cellular radio communications, admission and 
congestion control, as Well as resource control and alloca 
tion, for each cell are used to maintain acceptable quality of 
service for existing mobile user connections in those cells. 
And because radio resources are limited, they must be 
managed ef?ciently to maximize system capacity. For ease 
of description, load control, admission control, congestion 
control, and resource control and reallocation are generally 
referred to as resource management. 

[0004] Admitting too many neW connections may result in 
increased interference betWeen the mobile user connections 
thereby degrading the quality of service. Transmitting at too 
high of a poWer level or bit rate in either the doWnlink or the 
uplink direction creates unnecessary interference Which 
adversely impacts service quality and throughput. For doWn 
link resource management, it is possible to estimate a Worst 
case situation at every position in the service area by 
assuming that each base station is operating at maximum 
poWer. Such a situation may occur in cells that use high 
speed doWnlink shared channel transmission. 

[0005] In the uplink direction from mobile to base station, 
the interference includes both background noise as Well as 
total received poWer from the transmitting mobiles. The 
more mobile users transmitting, the more interference, and 
the higher the uplink load is in that base station’s cell. 
Interference at the base station is caused both by transmit 
ting mobiles located in that base station cell as Well as 
transmitting mobiles located in other cells, particularly 
nearby cells. Unfortunately, it is dif?cult to determine for 
one cell the impact that an uplink mobile transmission Will 
have in the one cell, particularly if that mobile is not served 
by the base station in that cell, and instead, is served by 
another nearby base station. Nevertheless, that mobile’s 
uplink transmission Will still have an adverse impact in the 
one cell. 

[0006] Determining the impact that the mobile’s transmis 
sion Will have on another cell is particularly problematic in 
decentraliZed or distributed resource management schemes. 
Distributed resource control is desirable because it is imple 
mented much “closer” to Where the resources are actually 
used. Centralized control schemes also require substantial 
signaling overhead and impose delays associated With send 
ing information to the central control entity, e.g., a base 
station controller, a radio netWork controller, or even a core 
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netWork node. Signi?cant delay and signaling are associated 
With the central control entity sending commands and infor 
mation to the base stations and mobile stations. As high 
speed doWnlink and uplink transmission formats become 
more common, resource management Will likely become 
more decentraliZed or distributed in order to achieve higher 
speeds and avoid the considerable signaling (and associated 
costs) required for centraliZed control. 

[0007] CentraliZed resource management receives infor 
mation from various cells Which alloWs informing base 
stations about mobile connections, conditions, etc., in adja 
cent cells. By its very nature, a distributed resource manager 
in a base station does not have information about other 
mobile connections it is not supervising/serving. On the 
other hand, uplink transmissions from such unserved 
mobiles can have a dramatic impact the interference in the 
cell load. For example, a high poWer or high data rate uplink 
transmission from a mobile station that is being managed by 
a ?rst base station in a ?rst cell may create signi?cant 
interference in a nearby second cell managed by a second 
base station. That interference increases the load in the 
second cell and effectively consumes resources in the second 
cell that the second base station Would rather use to service 
mobiles Within the second cell. The second base station has 
no Way of knoWing or estimating the impact that other 
mobile uplink transmissions Will have on its resources or 
hoW it Will impact current communications being supported 
in the second cell. The ?rst base station does not knoW, nor 
can it reasonably estimate, the contribution its served 
mobiles’ transmissions make to the interference at the 
second base station. 

[0008] It Would be desirable to implement a distributed 
resource management scheme but at the same time at least 
reduce the adverse impact of uplink transmissions on adja 
cent cells. The inventors recogniZed that these goals could 
be Well achieved using relative path gain related measure 
ments made (directly or indirectly) by the mobiles to 
improve uplink resource management in a distributed 
resource control cellular system. For purposes here, a dis 
tributed resource control system is one in Which the base 
station alone or in combination With a mobile station makes 
at least some resource management decisions Without hav 
ing to involve the a central controller like a BSC, RNC, core 
netWork node, etc. This is also the situation in ad-hoc 
netWorking, Where access points manage the resources in a 
distributed fashion. But the relative path gain related mea 
surements can also be valuable for centraliZed uplink 
resource control With limited control signaling, Where only 
the most informative measurements should be signaled to 
the resource control node. 

[0009] Also, for purposes of this description, path gain 
encompasses attenuation (attenuation is expressed as a nega 
tive number and path gain a positive number in logarithmic 
scaleiattenuation is less than one and path gain greater than 
one in linear scale) and any other term describing a similar 
effect on a radio signal. In most of the folloWing text, the 
path gain related quantity Will be represented by path gain 
itself for clarity. Any other path gain related quantity could 
also be used. Advantageously, mobiles in many commercial 
cellular systems already determine path gain values (or 
values from Which path gain can be calculated) relating to 
pilot signals received from nearby base stations, eg for 
handover purposes. Assuming a logarithmic scale, path gain 



US 2006/0194546 A1 

is typically determined based on a difference between a 
detected base station pilot signal strength detected at the 
mobile radio and a pilot signal strength at Which the base 
station transmitted the pilot signal. 

[0010] The inventive technology may advantageously be 
used in a cellular radio communication system using dis 
tributed resource control that includes a serving cell and a 
non-serving cell. A mobile radio is currently served by a 
serving base station in the serving cell. A serving cell 
corresponds to the cell having the highest path gain to the 
mobile radio and is very often the cell in Which the mobile 
radio is currently located. Arelative path gain is determined 
for an uplink signal transmission from the mobile radio. The 
relative path gain is based on a comparison of a ?rst path 
gain for an uplink signal transmission from the mobile radio 
to the non-serving base station With a second path gain for 
the uplink signal transmission from the mobile to the serving 
base station. Relative path gain can be expressed as a ratio 
of the second path gain to the ?rst path gain if the path gains 
are in linear units or as a difference betWeen the second path 
gain and the ?rst path gain if the path gains are in logarith 
mic units. Preferably, the relative path gain is an average 
relative path gain. 

[0011] Uplink resources in the ?rst cell are managed based 
on the relative path gain. For example, a transmission poWer 
or a data rate used by the mobile radio for the uplink signal 
transmission may be adjusted. Such adjusting may be based 
on a previously-determined value provided by the serving 
base station. One example might be a maximum relative 
path gain, a maximum signal-to-interference ratio, a maxi 
mum data rate, a maximum transmission poWer, etc. 

[0012] In one non-limiting example implementation of 
distributed uplink resource control, the mobile radio deter 
mines the relative path gain for uplink signal transmissions 
from the mobile radio. The mobile radio also manages 
uplink resources by adjusting a transmission poWer used by 
the mobile radio or by adjusting a data rate used by the 
mobile radio for the uplink signal transmission. More spe 
ci?cally, the mobile radio compares the relative path gain to 
a predetermined value provided by the serving base station, 
and if the relative path gain exceeds the predetermined 
value, the mobile radio adjusts the resources used for the 
uplink signal transmission. 

[0013] In another non-limiting example implementation of 
distributed uplink resource control, the serving base station 
determines the relative path gain for uplink signal transmis 
sions from the mobile radio, and based on that relative path 
gain, manages uplink resources. For example, the serving 
base station compares the relative path gain to a predeter 
mined value. If the relative path gain exceeds the predeter 
mined value, the serving base station instructs the mobile 
radio to decrease the resources used for the uplink signal 
transmission. 

[0014] Various relative path gain measurement reporting 
methods may be used. For example, the mobile radio may 
send a relative path gain measurement to the serving base 
station When the relative path gain measurement exceeds a 
predetermined value either absolutely or using a hysteresis. 
Periodic reporting may also be used. 

[0015] Another application manages uplink resources 
using a mobile classi?cation based on relative path gain. 
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When a path gain measurement exceeds a predetermined 
value for one of the mobile radios, that one mobile radio is 
classi?ed as harmful. Otherwise, the one mobile radio is 
classi?ed as harmless. FeWer resources are allocated to a 

harmful mobile radio than to a harmless radio. 

[0016] Of course, the technology may be applied to situ 
ations that involve more than tWo cells. For example, the 
cellular radio communication system includes multiple non 
serving cells. The relative path gain is then determined based 
on a comparison of a maximum path gain for an uplink 
signal transmission from the mobile radio to any of the 
non-serving base stations With the path gain for the uplink 
signal transmission from the mobile to the serving base 
station. 

[0017] A relative path gain measurement also may include 
(a) the relation (relation means ratio in linear scale and 
difference in logarithmic scale) betWeen the received pilot 
signal poWer from a non-serving cell and the received pilot 
signal poWer from the serving cell or (b) the relation 
betWeen the received pilot signal poWer from a non-serving 
cell relative the interference poWer and the received pilot 
signal poWer from the serving cell relative the interference 
poWer. Consequently, in a 3GPP non-limiting example 
application, relative measurements may be reported for one 
of the three quantities that may be speci?ed by path gain: 
common pilot received signal code poWer, common pilot 
received signal poWer, and relative interference poWer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 illustrates a cellular communications sys 
tem showing different interfering effects of tWo mobile 
radios at different locations in a serving cell transmitting at 
the same poWer or data rate; 

[0019] FIG. 2 is a How chart illustrating example proce 
dures for managing uplink resources using relative path 
gain; 
[0020] FIG. 3 illustrates a cellular communications sys 
tem shoWing a reduced transmission poWer or data rate for 
the more interfering mobile radio; 

[0021] FIG. 4 illustrates a function block diagram of a 
mobile station that may be used in a ?rst, non-limiting, 
example embodiment for managing uplink resources using 
relative path gain; 

[0022] FIG. 5 is a function block diagram of an example 
relative path gain calculator that may be used in the mobile 
station; 
[0023] FIG. 6 is a How chart diagram illustrating example 
steps for mobile-based uplink resource management; 

[0024] FIG. 7 a function block diagram of a base station 
that may be used in a second, non-limiting, example 
embodiment for managing uplink resources using relative 
path gain; and 

[0025] FIG. 8 is a How chart diagram illustrating example 
steps for base station-based uplink resource management. 

DETAILED DESCRIPTION 

[0026] In the folloWing description, for purposes of expla 
nation and non-limitation, speci?c details are set forth, such 
as particular nodes, functional entities, techniques, proto 
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cols, standards, etc. in order to provide an understanding of 
the described technology. It Will apparent to one skilled in 
the art that other embodiments may be practiced apart from 
the speci?c details disclosed beloW. And the technology is 
applicable to any type of cellular radio communications 
system. In other instances, detailed descriptions of Well 
knoWn methods, devices, techniques, etc. are omitted so as 
not to obscure the description With unnecessary detail. 
Individual function blocks are shoWn in the ?gures. Those 
skilled in the art Will appreciate that the functions of those 
blocks may be implemented using individual hardWare 
circuits, using softWare programs and data in conjunction 
With a suitably programmed microprocessor or general 
purpose computer, using applications speci?c integrated 
circuitry (ASIC), and/or using one or more digital signal 
processors (DSPs). 

[0027] FIG. 1 illustrates a cellular communications sys 
tem showing different interfering effects of tWo mobile 
radios at different locations in a serving cell transmitting at 
the same poWer or data rate. Serving cell AWith serving base 
station BS1 serves tWo mobile radios MS1 and MS2. Both 
mobile radios are located about the same distance from base 
station BS1, and both are transmitting in the uplink at the 
same data rate. To simplify the example, it is assumed that 
there is no inter-cell interference in serving cell A, and that 
the uplink path gains go from mobile radios MS1 and MS2 
to base station BS1 are the same. The mobile radio MS1 has 
a path gain gl2 to non-serving base station BS2 and a path 
gain gl3 to non-serving base station BS3. The mobile radio 
MS2 has a path gain g22 to non-serving base station BS3. 

[0028] Because the mobile radios MSl and MS2 are much 
further aWay from base station BS3, as compared to base 
station BS1, their path gains g 1 3 and g23 are much loWer than 
gl 1. In other Words, their interfering a?fects in non-serving 
cell C are minimal. The same is true for MSl’s path gain g 12 
to base station BS2. But the same is not true for MS2’s path 
gain g22 to non-serving base station BS2, Which is the same 
high level as in the serving cell A. As result, MS2’s uplink 
transmissions at the current data rate have a signi?cant 
interfering impact on the communications, the resources, the 
performance, and the admission capability in non-serving 
cell B. 

[0029] The uplink load of a cell is related to the received 
total Wideband poWer I over thermal noise N at the base 
station antenna, Which is also knoWn as the noise rise. 
Uplink relative load L is de?ned through the pole equation: 

(1) l 

l-L 

[0030] For simplicity, consider a system With a maximum 
active handover set size 1. Then the total received interfer 
ence I of any base station j is given by: 

Where, pi is the uplink transmit poWer of mobile radio i, gil 
is the path gain for that uplink transmission from mobile i to 
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base station j. The sum is overi in equation (2) meaning over 
all mobiles transmitting in the netWork including those 
mobiles served by non-serving base stations. Mobile i is 
connected to base station ki, and the uplink transmission 
from the mobile i is perceived With the carrier-to-total 
interference [3i at the serving base station ki. [3i is given by: 

1 

With simple models, the data rate Ri of mobile i is a function 
of Bi, i.e., Ri=f([3i). Combining equations (2) and (3) yields: 

1 

[0031] Assuming that the received total Wideband poWer I 
is equal in all cells and solving equation (4) for Ij/NJ- gives: 

2 1 <5) 

[0032] The resemblance to equation (1) motivates the load 
approximation of cell j as folloWs: 

[0033] Equation (6) means that the load contribution from 
mobile radio i to the load in cell j depends on the path gain 
to the base station j and the serving base stations ki as Well 
as the allocated service quality closely related to Bi. 

[0034] Consider the folloWing numerical example. 
Assume that the uplink resource management aims at main 
taining a noise rise of 7 dB, Which via equation (1) corre 
sponds to a relative load L=0.8. Since cell A is subject to no 
inter-cell interference, the tWo mobiles may share this entire 
resource, and since the path gain to the serving cell is equal 
for the tWo mobiles, it Would natural in a distributed setting 
to share this resource equally. The relative load of BS 1 is 
given by: 

L1=l51+l51 
Which gives the uplink resource allocation When not con 
sidering relative path gain measurements, i.e., [31=[32=0.4. 
Assume that the non-serving cell path gains are gl 2=gl l/ 100 
(relatively loW) and g22=g1l/2 (relatively high). Further 
more, the respective relative load contributions to BS2 from 
the tWo mobiles are given by: 

[51/lO0=O.004 from mobile 1 

[52/2=0.200 from mobile 2 

Such a resource allocation of thus uses up a signi?cant 
portion (about 25%) of the resources at BS2. 
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[0035] More detail regarding uplink relative load approxi 
mation is disclosed in Gunnarsson, F., Geijer-Lundin, E., 
Wiberg, N. and Bark, G. Admission Control in WCDMA 
Based on Relative Load Estimates, In Proc. ICC, May 2002, 
NeW York, N.Y., USA.; Geijer-Lundin, E., Gunnarsson, F. 
and Gustafsson, F. Uplink Load Estimation in WCDMA, In 
Proc. WCNC, March 2003, NeW Orleans, La., USA; and 
commonly-assigned US. patent application Ser. No. 10/419, 
270, entitled “Uplink Load Determination And Signaling 
For Admission And Congestion Control,” ?led on Apr. 21, 
2003. The disclosures of these documents are incorporated 
here by reference. 

[0036] FIG. 2 is a How chart illustrating example proce 
dures for managing uplink resources using relative path gain 
that overcomes this problem and similar interference prob 
lems in non-serving cells. These procedures are particularly 
useful in a distributed uplink resource management context 
because they do not rely on a centraliZed manager knoWing 
the interference impact of mobile radio uplink transmissions 
in non-serving cells. But they are also quite useful in a 
centraliZed uplink resource management. A relative path 
gain is determined for uplink signal transmissions from the 
mobile radio (step S1). Relative path gain is based on a 
comparison of a ?rst path gain for an uplink signal trans 
mission from the mobile radio to a non-serving base station 
With a second path gain for the uplink signal transmission 
from the mobile to the serving base station. Relative path 
gain can be expressed as a ratio of the second path gain to 
the ?rst path gain, if the path gains are in linear units, or a 
difference betWeen the second path gain and the ?rst path 
gain if the path gains are in logarithmic units. 

[0037] The technology may be applied to situations that 
involve more than tWo cells so that there are multiple 
non-serving cells for the mobile radio. The relative path gain 
is then determined based on a comparison of a maximum 
path gain for an uplink signal transmission from the mobile 
radio to any of the non-serving base stations With the path 
gain for the uplink signal transmission from the mobile to 
the serving base station. Preferably, the relative path gain is 
averaged (step S2) to avoid Widely varying gain values that 
may result from fast fading, for example. Uplink resources 
are managed using relative path gain, Which is particularly 
advantageous in a distributed uplink resource management 
con?guration (step S3). As already indicated above, resource 
management encompasses load control, admission control, 
and resource control. 

[0038] One example Way to manage uplink resources 
based on relative path gain measurements is to relate or limit 
the resource allocation of a mobile to the reported measure 
ments. Returning noW to the previous FIG. 1 example, noW 
in the context of FIG. 3, the relative gain for the mobile 
radio MS1 is much loWer than the relative path gain of 
mobile radio MS2, Which means that much less resources 
are allocated to MS2 than to MS1. So its uplink data rate is 
not reduced. In contrast, the relative gain for the mobile 
radio MS2 exceeds the limit, so its uplink data rate is 
reduced, thereby reducing the interfering impact on non 
serving cell B. 

[0039] Using the previous numerical example, the tWo 
mobiles could be allocated resources according to [31=0.7 
and [32=0.1, Which still meets the relative load requirement 
of L=0.8, even though the resources are unevenly allocated 
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to the tWo mobiles. Then the respective relative load con 
tributions to BS2 from the tWo mobiles are given by: 

Bl/100=0.007 from mobile 1 

[52/2=0.050 from mobile 2 

Which means that much less of the resources (about 7%) at 
BS2 are used up than When allocating the resources evenly 
to the tWo mobiles (about 25%). 

[0040] FIG. 4 illustrates a function block diagram of a 
mobile station that may be used in a ?rst, non-limiting, 
example embodiment for managing uplink resources using 
relative path gain in a distributed or decentraliZed uplink 
resource management context. Mobile radio 10 includes 
radio transmission circuitry 12 and radio receiving circuitry 
20 coupled to a controller 14. The controller 14 is also 
coupled to a user interface 22 (coupled to a speaker, micro 
phone, keypad, touchpad, or display, etc.) for communica 
tion With a user. Each base station transmits a pilot signal or 
other doWnlink signal that includes the transmission poWer 
at Which it Was transmitted by its base station. 

[0041] The radio receiving circuitry 20 receives base 
station pilot signals that are Within range and provides them 
to a relative path gain calculator 18. Uplink relative path 
gains are determined using doWnlink path gain values and 
making the assumption that the uplink path gain is approxi 
mately the same as the doWnlink path gain. The relative path 
gain calculator 18 determines an uplink path gain for each 
base station may be determined by subtracting the received 
signal strength of its oWn pilot signal from that pilot signal’s 
actual transmission poWer in logarithmic poWer units. Alter 
natively, the path gain uplink path gain to each base station 
by dividing the received pilot signal strength by its actual 
transmission poWer in linear poWer units. An example 
implementation for relative path gain calculator 18 is 
described beloW in conjunction With FIG. 5. 

[0042] The controller 14 further includes a resource man 
ager 16 that manages uplink resources based on path gain. 
For example, the mobile radio compares the relative path 
gain to a predetermined value provided by the serving base 
station. If the relative path gain exceeds the predetermined 
value, the mobile radio decreases the resources (e.g., poWer, 
data rate, etc.) used for the uplink signal transmission. 

[0043] Continuing With the numerical example from 
above, assume again that the base station BS1 allocates the 
resources evenly, [31=[32=0.4. Assume also that the mobiles 
must ful?ll a condition based on a relative path gain mea 
surement and a prede?ned value 0t: 

f(max non-serving cell path gain/serving cell path 
gain)§0t. 

For example, the condition motivated by the relative load 
approximation is as folloWs: 

(max gain for the non serving cell/the gain of the 
serving cell)§0t. 

If 0t=0.05, then mobile 1 is not restricted because: 

gQ/gll([51)=1/100*0.4=0.004<0.1 

HoWever, mobile 2 is restricted because: 

gag/g1. ([52)=1/2*0.4=0.2>0.1 

The [3 (i.e., roughly corresponding to the data rate) may then 
be adjusted so the a condition is met, Which is possible With 
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making an adjustment so that [3=0.l. Then the respective 
relative load contributions to BS2 from the tWo mobiles are 
given by: 

[51/lO0=O.004 from mobile 1 

[522=0.05O from mobile 2 

Which means that much less of the resources at BS2 (less 
than 7%) are used up than When allocating the resources 
evenly from above (about 25%). This restriction limits the 
resource utiliZation of BS 1, since: 

This is something the base station BS1 may handle by 
gradually increasing the allocated data rate to the tWo 
mobiles, Which is acceptable since mobile 2 is already 
limited by the a condition. 

[0044] FIG. 5 is a function block diagram of an example 
relative path gain calculator 18 that may be used in the 
mobile radio 10. A path gain calculator 25 receives pilot 
signals from cells A, B, C, . . . , N. Assuming linear units, 
the path gain calculator 25 subtracts the received signal 
strength of each pilot signal from the pilot signal’s actual 
transmission poWer. A maximum value selector 26 selects 
from the non-serving cell path gains B, C, . . . , N, the 
maximum path gain. A comparator 27 compares the maxi 
mum non-serving path gain With the path gain A for the 
serving cell. The comparison can be a difference for linear 
units or a ratio of the maximum non-serving cell path gain 
to the serving cell path gain for logarithmic units. the 
relative path gain is preferably averaged in averager 28 to 
avoid rapid, short lived values that are caused by fast fading 
and other short term radio channel effects. The average path 
gain is then forWarded to the resource manager 16. 

[0045] FIG. 6 is a How chart diagram illustrating example 
steps for mobile-based uplink resource management. A 
relative path gain is determined for uplink signal transmis 
sions from the mobile radio based on doWnlink path gain 
values (step S10). Preferably, the relative path gain is 
averaged to avoid Widely and rapidly varying gain values 
(step S12). A predetermined relative path gain value (e.g., a 
maximum or a limit) is received from the serving base 
station (or from some other source) (step S12). If the 
determined relative path gain exceeds the predetermined 
relative path gain or a predetermined relative path gain plus 
a hysteresis, the controller 14 instructs a decrease in the 
uplink transmission poWer or the uplink data transmission 
rate (step S13) to reduce the interference effects of the 
mobile’s uplink transmission in one or more non-serving 
cells. If the determined relative path gain is less than a 
predetermined relative path gain or a predetermined relative 
path gain minus a hysteresis, the controller 14 may instruct 
an increase in the uplink transmission poWer or the uplink 
data transmission rate (step S13) if requested by the mobile 
radio since there Will not be a signi?cant inference impact of 
the mobile’s uplink transmission on one or more non 

serving cells. Of course, other factors may be considered in 
determining Whether to increase or decrease the poWer/data 
rate. 

[0046] FIG. 7 a function block diagram of a base station 
30 that may be used in a second, non-limiting, example 
distributed embodiment for managing uplink resources 
using relative path gain. The base station 30 includes radio 
transmission circuitry 32 and radio receiving circuitry 38 

Aug. 31, 2006 

coupled to a controller 34. The controller 34 is also coupled 
to a netWork interface 40 for communication With the rest of 
the radio netWork. The controller includes a resource man 
ager 36 that receives relative path gain data or relative path 
gain measurement data from Which relative path gain can be 
calculated. The resource manager 36 manages uplink 
resources using relative path gain. For example, it compares 
the relative path gain to a predetermined value, and if the 
relative path gain exceeds the predetermined value, the 
controller issues an instruction to the mobile radio to 
decrease its use of resources (e.g., poWer, data rate, etc.) for 
the uplink signal transmission. 

[0047] FIG. 8 is a How chart diagram illustrating example 
steps for base station-based uplink resource management. 
The base station receives relative path gain (or average path 
gain) data from the mobile radio (or relative path gain data 
from Which relative path gain can be calculated) (step S20). 
Various path gain measurement reporting methods may be 
used. For example, the mobile radio may send a path gain 
measurement to the serving base station When the path gain 
measurement exceeds a predetermined value, either abso 
lutely or using a hysteresis. TWo measurement reporting 
triggers could be used: When the relative path gain exceeds 
a threshold+a hysteresis and When the relative path gain dips 
beloW a threshold+a hysteresis. In the latter case, the base 
station could instruct the mobile to increase its use of 
resources, e.g., transmission poWer, data rate, etc. Periodic 
reporting may also be used. If the determined relative path 
gain exceeds a predetermined maximum, the mobile station 
may be instructed to reduce transmission poWer or data rate 

(step S21). 

[0048] Optionally, the base station may classify the mobile 
radio as harmful or harmless based on relative path gain for 
purposes of managing uplink resources (step S22). When a 
path gain measurement exceeds a predetermined value (With 
or Without a hysteresis) for a mobile radio, that mobile radio 
is classi?ed as harmful. Otherwise, the mobile radio is 
classi?ed as harmless. Some of all transmitting mobiles are 
classi?ed accordingly. FeWer resources are allocated to a 
harmful mobile radio than to a harmless radio. For example, 
only harmless mobile radios may be assigned a very high 
uplink bit rate, and harmful mobiles are only allocated a data 
rate corresponding to [3=0.l to handle Worst case mobiles on 
the cell border in situation like mobile 2 in the numerical 
example. 

[0049] The text above describes relative path gain mea 
surements for clarity, but a person skilled in the art realiZes 
that the same applies for other path gain related measure 
ments. One example includes received signal poWer level 
from a signal With a knoWn signature, such as a pilot signal. 
In 3GPP, this measurement is denoted Common Pilot Chan 
nel (CPICH) received signal code poWer (RSCP). Another 
example includes the ratio betWeen a received signal poWer 
level from a signal With a knoWn signature and the inter 
ference poWer. In 3GPP, this measurement is denoted 
CPICH EC/IO. 

[0050] Although various embodiments have been shoWn 
and described in detail, the claims are not limited to any 
particular embodiment or example. None of the above 
description should be read as implying that any particular 
element, step, range, or function is essential such that it must 
be included in the claims scope. The scope of patented 
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subject matter is de?ned only by the claims. The extent of 
legal protection is de?ned by the Words recited in the 
alloWed claims and their equivalents. No claim is intended 
to invoke paragraph 6 of 35 USC §ll2 unless the Words 
“means for” are used. 

1. A method for use in a cellular radio communication 
system that includes a ?rst cell and a second cell, Where a 
mobile radio is currently served by a ?rst base station in the 
?rst cell, comprising: 

(a) determining a relative path gain related quantity for an 
uplink signal transmission from the mobile radio, 
Where the relative path gain related quantity is based on 
a comparison of a ?rst path gain related quantity for an 
uplink signal transmission from the mobile radio to the 
second base station With a second path gain related 
quantity for the uplink signal transmission from the 
mobile to the ?rst base station, and 

(b) managing uplink resources in the ?rst cell based on the 
relative path gain related quantity. 

2. The method in claim 1, Wherein the path gain related 
quantity is one of the following: a path gain measurement, 
a received signal poWer, a received signal code poWer 
(RSCP), a common pilot channel (CPICH) received signal 
code poWer (RSCP), a received signal poWer relative inter 
ference poWer, or a common pilot channel (CPICH) received 
signal poWer relative interference poWer. 

3. The method in claim 1, Wherein uplink resource control 
is distributed to the ?rst base station, the mobile station, or 
both. 

4. The method in claim 1, Wherein relative path gain 
quantity is a ratio of the second path gain quantity to the ?rst 
path gain quantity if the path gain quantities are in linear 
units or a difference betWeen the second path gain quantity 
and the ?rst path gain quantity if the path gain quantities are 
in logarithmic units. 

5. The method in claim 1, Wherein managing uplink 
resources includes adjusting a transmission poWer or a data 
rate used by the mobile radio for the uplink signal trans 
mission. 

6. The method in claim 5, Wherein the adjusting depends 
on a previously-determined value provided by the ?rst base 
station. 

7. The method in claim 1, Wherein the mobile radio 
performs step (a) and manages uplink resources by adjusting 
a transmission poWer used by the mobile radio or by 
adjusting a data rate used by the mobile radio for the uplink 
signal transmission. 

8. The method in claim 7, Wherein the mobile radio 
compares the relative path gain related quantity to a prede 
termined value provided by the base station, and if the 
relative path gain related quantity exceeds the predetermined 
value, the mobile radio adjusts the resources used for the 
uplink signal transmission. 

9. The method in claim 1, Wherein the ?rst base station 
performs steps (a) and (b). 

10. The method in claim 9, Wherein the ?rst base station 
compares the relative path gain related quantity to a prede 
termined value, and if the relative path gain related quantity 
exceeds the predetermined value, the ?rst base station 
instructs the mobile radio to adjust the resources used for the 
uplink signal transmission. 

11. The method in claim 1, Wherein the path gain is 
determined based on a difference betWeen a detected base 
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station pilot signal strength detected at the mobile radio and 
a pilot signal strength at Which the base station transmitted 
the pilot signal. 

12. The method in claim 1, Wherein the relative path gain 
related quantity is an average relative path gain related 
quantity. 

13. The method in claim 1, Wherein the mobile radio 
sends a relative path gain related quantity to the ?rst base 
station When the relative path gain quantity exceeds a 
predetermined value. 

14. The method in claim 13 as applied to multiple mobile 
radios being served by the ?rst cell, further comprising: 

When a relative path gain related quantity exceeds a 
predetermined value for one of the mobile radios, 
classifying the one mobile radio as harmful, and oth 
erWise classifying the one mobile radio as harmless, 

Wherein feWer resources are allocated to a harmful mobile 

radio than to a harmless radio. 

15. The method in claim 1, Wherein the cellular radio 
communication system includes a third cell With the second 
and third cell being non-serving cells for the mobile radio, 
and Wherein the relative path gain related quantity is deter 
mined based on a comparison of a maximum path gain 
related quantity for an uplink signal transmission from the 
mobile radio to either of the non-serving base stations With 
the path gain related quantity for the uplink signal transmis 
sion from the mobile to the second base station. 

16. Apparatus for use in a cellular radio communication 
system that includes a ?rst cell associated With a ?rst base 
station and a second cell associated With a second base 
station, Where a mobile radio is currently served by the ?rst 
base station in the ?rst cell, comprising: 

electronic circuitry con?gured to determine a relative path 
gain related quantity for an uplink signal transmission 
from the mobile radio, Where the relative path gain 
related quantity is based on a comparison of a ?rst path 
gain related quantity for an uplink signal transmission 
from the mobile radio to the second base station With a 
second path gain related quantity for the uplink signal 
transmission from the mobile to the ?rst base station, 
and 

an uplink resource manager con?gured to manage uplink 
resources in the ?rst cell based on the relative path gain 
related quantity. 

17. The apparatus in claim 16, Wherein relative path gain 
related quantity is a ratio of the second path gain related 
quantity to the ?rst path gain related quantity if the path gain 
related quantities are in linear units or a difference betWeen 
the second path gain related quantity and the ?rst path gain 
related quantity if the path gain related quantities are in 
logarithmic units. 

18. The apparatus in claim 16, Wherein the uplink 
resource manager is con?gured to adjust a transmission 
poWer or a data rate used by the mobile radio for the uplink 
signal transmission. 

19. The apparatus in claim 18, Wherein the uplink 
resource manager is con?gured to determine the adjustment 
depending on a previously-determined value provided by the 
?rst base station. 
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20. The apparatus in claim 16, wherein the electronic 
circuitry is included in the mobile radio, Wherein the mobile 
radio is con?gured to adjust a transmission poWer or a data 
rate used by the mobile radio for the uplink signal trans 
mission. 

21. The apparatus in claim 20, Wherein the electronic 
circuitry is con?gured to compare the relative path gain 
related quantity to a predetermined value provided by the 
base station, and if the relative path gain related quantity 
exceeds the predetermined value, the electronic circuitry is 
con?gured to adjust the resources used for the uplink signal 
transmission. 

22. The apparatus in claim 16 implemented in the ?rst 
base station. 

23. The apparatus in claim 16 as applied to multiple 
mobile radios being served by the ?rst cell, further com 
prising: 

means, When a path gain related quantity measurement 
exceeds a predetermined value for one of the mobile 
radios, for classifying the one mobile radio as harmful, 
and otherWise, classifying the one mobile radio as 
harmless, 
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Wherein uplink resource manager is con?gured to allocate 
feWer resources to a harmful mobile radio than to a 
harmless radio. 

24. The apparatus in claim 16, Wherein the cellular radio 
communication system includes a third cell With the second 
and third cell being non-serving cells for the mobile radio, 
and Wherein the relative path gain related quantity is based 
on a comparison of a maximum path gain related quantity 
for an uplink signal transmission from the mobile radio to 
either of the non-serving base stations With the path gain 
related quantity for the uplink signal transmission from the 
mobile to the second base station. 

25. The apparatus in claim 16, Wherein uplink resource 
control is distributed to the ?rst base station, the mobile 
station, or both. 

26. The apparatus in claim 16, Wherein relative path gain 
quantity is a ratio of the second path gain quantity to the ?rst 
path gain quantity if the path gain quantities are in linear 
units or a difference betWeen the second path gain quantity 
and the ?rst path gain quantity if the path gain quantities are 
in logarithmic units. 


